Background The excess risk of fatal and non-fatal cerebrovascular disease in people from low socioeconomic positions is only partially explained by conventional cerebrovascular risk factors. This has led to the suggestion that poor psychosocial work environments provide important additional explanatory power. However, little evidence is available for women.
Introduction
Socioeconomic gradients in cerebrovascular disease are evident among men and women, [1] [2] [3] [4] [5] [6] [7] [8] [9] but their causes remain unclear. 10 That the excess risk of cerebrovascular disease in people from low socioeconomic positions is only partially explained by conventional cerebrovascular risk factors-hypertension, smoking, physical inactivity and obesity-has led to the suggestion that poor psychosocial work environments provide important additional explanatory power. 3, [10] [11] [12] However, the only study to test this hypothesis among women found that high demands and low job control did not predict the onset of cerebrovascular disease over an 11-year follow-up and thus did not explain the association between socioeconomic position and cerebrovascular disease. 12 This null finding does not necessarily refute the hypothesis: one would expect a dilution of effects when extended follow-up periods are used to assess effects of exposures that may change over time (the regression dilution bias). To examine more proximal effects on the cerebrovascular disease gradient among women, we assessed socioeconomic position, job demands and job control in a large cohort of female employees, and followed hospitalizations and deaths from cerebrovascular disease over a much shorter period of time, a mean of 3.4 years.
Methods

Study population
Data were taken from the ongoing Finnish Public Sector Study, which includes the entire personnel in government employment in 10 towns and 21 hospitals in Finland. 13 A questionnaire on risk factors and health was sent to all of the 53 217 women (mean age 44.4 years, 26.6% with high socioeconomic position) in these organizations between 2000 and 2002; 38 391 (72%) responded. In 2004, a similar questionnaire was again sent to the female staff (70% responded) and we included in the present study those who did not respond to the first survey as well as those who were hired by the target organizations after the first survey-a further 14 254 women. Thus, the total number of respondents was 52 645. We excluded 4284 participants (8.1%) with missing data for one or more study variables (2248 lacked information on smoking, 1372 on body mass index, 1115 alcohol consumption, 1378 physical activity, 545 job demands, and 444 job control), leaving a total of 48 361 participants in the analytic sample. Their mean age was 43.5 years (range 18-65) and 27.2% were of high socioeconomic position; figures which closely resemble those for the original target population. Questionnaire data from this cohort were linked to records from national registers of drug reimbursement, hospitalization and mortality using the unique personal identification numbers assigned to all citizens in Finland. This linkage was successful to all participants. The Finnish Institute of Occupational Health Ethics Committee approved the study.
Socioeconomic position
Participants' occupational titles from the employers' records (a total of 1931 different five-digit occupational titles) were classified into high (upper non-manual including e.g. physicians, teachers); intermediate (lower non-manual, e.g. technicians, registered nurses); and low (manual, e.g. cleaners, maintenance workers) socioeconomic position (SEP) on the basis of Statistics Finland's existing occupational classification. 14 
Conventional risk factors
History of hypertension (International Classification of Diseases (ICD) ICD-9 codes 401-405; ICD-10 I10-I15), coronary heart disease (ICD-9 410-414, 427; ICD-10 I20-I25, I47-I49) and diabetes mellitus (ICD-9 250; ICD-10 E10-E14) at the time of questionnaire survey were ascertained from data on special reimbursement for treatment for these illnesses from the Social Insurance Institute Drug Reimbursement Register or from hospitalizations recorded in the National Hospital Discharge Register from January 1, 1990 onwards (criteria for hypertension: repeated blood pressure measurements 4200 systolic or 4105 diastolic, or 4140 systolic or 495 diastolic with signs of complications or cardiovascular morbidity; Insulin-dependent diabetes: diagnosed by a specialist; Type 2 diabetes: disease specific symptoms and repeated blood (plasma) glucose levels 47.0 mmol/l; Coronary heart disease: presence of definite chronic angina, myocardial infarction or coronary artery bypass).
Using standard questionnaires, we requested current smoking status and regular weekly intake of beer, wine and spirits expressed in grams of alcohol. Physical activity was expressed as Metabolic Equivalent Task (MET)-hours per day. Body mass index (BMI, kg/m 2 ) was computed from self-reported weight and height.
Job demands and job control
We used established questionnaire to assess job demands (three items, Cronbach's alpha ¼ 0.75) and job control (nine items, Cronbach's alpha ¼ 0.82). 15 Scores from a five-point rating scale were summed and expressed as a percentage of the theoretical maximum (100 refers to the highest score for every item; 0 refers to the lowest score for every item). Neither natural nor clinical-based thresholds has been defined, so each scale was divided into low, middle and high exposure based on the tertile distribution in the total study population. Four quadrants of job strain were constructed by first division at the median and then cross-tabulation. This resulted in: low demands-high control (labelled 'low strain'), low demands-low control ('passive job'), high demands-high control ('active job'), high demandslow control ('high strain'). 12 
Cerebrovascular disease follow-up
Linkage to the National Hospital Discharge Register and the Statistics Finland Mortality Register provided a virtually complete follow-up for hospitalizations and death from cerebrovascular disease (ICD-9 430-438 and ICD-10 I6). Events that occurred after January 1, 1990 but before questionnaire completion determined history of cerebrovascular disease (112 cases). Each participant was followed until a cerebrovascular event, death or the end of the study, December 31, 2005, whichever came first; mean follow-up 3.4 years.
Statistical analysis
Associations of SEP, conventional risk factors, tertiles of job demands and job control, and quadrants of job strain with subsequent cerebrovascular events were examined using Cox proportional hazard models adjusted for age and cerebrovascular disease history, and, additionally, for other risk factors. P-value for linear trends between job demands, job control and cerebrovascular disease risk were obtained from models where these exposures were fitted as continuous variables. Change in the socioeconomic gradient after adjustments for conventional risk factors and psychosocial work characteristics was calculated with the formula: 16 Percent change in gradient ¼ non-adjusted beta À adjusted beta non-adjusted beta Â 100%
All the tests were two-tailed and the analyses were conducted using the SAS 9.1 program.
Results
Low SEP was associated with older age and less favourable levels for all risk factors with the exception of job demands, which were higher among high-SEP women (Table 1) . During a mean follow-up of 3.4 years, 124 women had a cerebrovascular disease event (44 cerebral infarctions, 22 intracerebral haemorrhages, 33 subarachnoid haemorrhages, 25 nonspecified or other cerebrovascular diseases). The rate Prevalent diseases are obtained from hospitalisation records or reimbursement records. c 'High' refers to the proportion of those in the top tertile and 'Low' refers to the proportion of those belonging to the bottom tertile in the total population. d The four quadrants of job strain are low demands-high control (low strain), low demands-low control (passive job), high demands-high control (active job), high demands-low control (high strain). of cerebrovascular disease events was 7.4 per 10 000 women per year.
Association of conventional and psychosocial risk factors with cerebrovascular disease As expected, most of the conventional risk factors predicted subsequent cerebrovascular disease events (Table 2) . High job demands were also associated with an increased risk of cerebrovascular disease events (hazard ratio 1.94, 95% CI 1.2-3.1, P for linear trend 0.004), but job control was not related to these events (P ¼ 0.90). There was no multiplicative interaction between job demands and job control on cerebrovascular disease events (P for 'demand * control' interaction term ¼ 0.48 in a model including the main effects). High demands combined with high control (i.e. active job) were associated with an increased risk of cerebrovascular disease events (hazard ratio 2.32, 95% CI 1.3-4.1 compared with low strain). The population attributable fraction for high job demands was large (14.9%).
Test of psychosocial explanations hypothesis
The risk of a future cerebrovascular event was 2.28 times higher among low SEP women than high SEP women (Table 3 , upper panel). Adjustment for the conventional risk factors attenuated this excess risk by 23.1%. In contrast, this association was amplified by 27.7% after adjustment for job demands and job control, suggesting a suppression effect. This suppression effect was 35.7% when the adjustment made was for job strain quadrants instead of job demands and job control.
Repeating all the analyses in a cohort with no prior history of cerebrovascular disease at baseline (n ¼ 48 262, 113 incident cerebrovascular events) largely replicated these findings: 30.0% attenuation in the SEP-cerebrovascular disease association after adjustment for conventional risk factors; amplification of 24.3 and 28.6%, respectively, after adjustment for job demands and job control and for quadrants of job strain (Table 3 , lower panel).
The findings were also replicated in analyses using self-reported education (instead of occupational status) as the indicator of SEP. The age and cerebrovascular disease history adjusted hazard ratio for cerebrovascular disease for primary vs secondary (A level) education was 1.77 (95% CI 1.2-2.6). Adjustment for conventional risk factors reduced this effect by 25.7%. In contrast, the association was amplified by 16.2% after adjustments for job demands and job control and by 24.9% after adjustment for job strain quadrants.
Discussion
We found a marked socioeconomic gradient in cerebrovascular disease that was partially explained by a higher prevalence of conventional risk factors 2509 (9) among women of low socioeconomic position. In this cohort, psychosocial work characteristics did not explain socioeconomic differences in cerebrovascular disease; controlling for job demands and job strain quadrants increased (rather than decreased) the gradient. While this result was counter to our expectations, the associations observed between the established risk factors, hypertension, smoking and obesity and cerebrovascular disease point to a degree of validity in our new findings. It is assumed that the greater the attenuation of the gradient after adjustment for a given risk factor the greater the potential to reduce socioeconomic inequalities via interventions that target this factor. 17 Our cerebrovascular risk factor measures were based on two data sources: (i) records from national health registers which have high coverage and specificity but do not include undiagnosed conditions and (ii) validated self-reported measures that may still be affected by reporting bias. 18 In spite of possible misclassification of the risk factors, the 20-30% reduction in the cerebrovascular disease gradient following adjustment for conventional risk factors accords with the results from other studies suggesting that important reductions in inequalities will follow reductions in levels of hypertension, coronary heart disease, smoking, physical inactivity and obesity in low socioeconomic groups. 10, 19 Psychosocial factors have been found to be associated with both socioeconomic position and conventional risk factors, [20] [21] [22] [23] [24] but evidence on the association between psychosocial factors and risk of cerebrovascular disease is mixed. 12, 25 It is not known whether the association between job demands and cerebrovascular disease observed in the present study was causal. Reverse causation remains an alternative explanation for our findings, because timing of the onset of cerebrovascular disease symptoms may vary, depending on the type of cerebrovascular disease. 26 For example, symptoms of atherosclerosis, such as shortness of breath and chest pain may increase susceptibility to high demands and could occur long before manifest ischemic stroke. 27 Confounding by socioeconomic position is a further possibility, but is an unlikely explanation for our findings as higher job demands were not associated with lower socioeconomic position in this cohort. We found no support for the hypothesis that psychosocial characteristics, as indicated by job demands and job control, would explain socioeconomic differences in cerebrovascular disease among women. High job demands were more common among women of high than low socioeconomic positions. Thus, the socioeconomic gradient in cerebrovascular disease was amplified by adjustment for job demands. We used occupational group and educational level to measure socioeconomic position and the main findings were consistent across these two indicators of socioeconomic position.
If we assume that high job demands were a causal risk factor for cerebrovascular disease, what would the observed amplification of the gradient imply in terms of policy? The common 'prescription' to reduce socioeconomic inequalities in disease is to reduce differential exposure to risk factors between high and low socioeconomic groups. If prevention only reduced high demands, this would potentiate the gradient although it would reduce the absolute risk of Job demands and job control. c Compared to low vs high socioeconomic position category in the age-and cerebrovascular-disease-history-adjusted model. Corresponding changes in the gradient after adjustment for job strain quadrants 35.7% for the total cohort and 28.6% for the subpopulation. cerebrovascular disease in the total population. Any strategy to reduce the gradient, i.e. the relative risk, would also need to target those risk factors more prevalent among low socioeconomic groups. 17, 28 Further research is needed to examine whether the association between job demands and cerebrovascular disease is causal and whether the psychosocial explanations hypothesis will be refuted or confirmed in other populations and specific categories of cerebrovascular disease, such as subarachnoid haemorrhage, intracerebral haemorrhage and ischemic stroke.
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